Imidazolides of phosphorus 7, 9, and 13 are, in most cases, superior Pio)(f0)3 <O^op(oi(f0)2 (©-O.2P(O,N^ 7 9 13 to the chloridates 4, 5 (R = 2,2,6,6-tetramethyl-l-oxyl-4-piperidyl), 6, 8, and 12 for the transformation of aliphatic and aromatic aldoximes to nitriles
in yields generally exceeding 80%. The transformation is thought to occur via a phosphorylated intermediate, which was isolated in the case of the reaction bfn-butyraldoxime with the nitroxyl radical-labeled chloridate 4.
Although, over the years, considerable interest has been shown in the transformation of aldoximes to nitriles, surprisingly few attempts have been made in utilizing derivatives of phosphorus for this purpose [1] [2] [3] [4] [5] [6] [7] . Best results were achieved using aromatic aldoximes, and only seldom were aliphatic aldoximes utilized, affording nitriles in only moderate yields. Recently [8] , we reported a novel approach for the preparation of aliphatic and aromatic nitriles via aldoximes utilizing the spin-labeled imidazolides of phosphorus 1 [9] and 2 [10] . In most of aldoximes to nitriles proceeds through the phosphorylated intermediate 3, although no evidence for its formation was found. We further speculated that this conversion of aldoximes to nitriles via phosphoryl imidazolides might serve as a model reaction, mimicking the detoxifying action of certain oximes [11] [12] [13] , such as, pyridine-2-aldoxime methiodide (2-PAM) and pyridine-4-aldoxime methiodide (4-PAM), which are known reactivators of acetyl cholinesterases inhibited by such potent phosphorylating agents [11] [12] [13] as diisopropyl phosphorofluoridate (DFP), tetraethylpyrophosphate (TEPP), isopropyl methylphosphorofluoridate (SA-RIN), and 0,0-diethyl 0-(4-nitrophenyl)phosphorothioate (Parathion).
In the preceeding paper [8] , we reported the synthesis of nitriles via imidazolides 1 and 2 in 45-97% yield. It was now found that the transformation of aldoximes to nitriles using the corresponding chloridates 4 [10] and 5 [9, 14] always
resulted in lower yields (30-89%) of products as compared with the imidazolides 1 and 2. As in the case of the imidazolides 1 and 2, no trace of a phosphorylated oxime was detected using oximes containing seven carbons or more. However, some evidence for an intermediate such as 3, and for the role of imidazole in the transformation of aldoximes to nitriles was obtained in the case of n-butyraldoxime (R 1 = w-CaH?). Following the workup of the product of the reaction of chloridate 4 and butyraldoxime in the presence of triethylamine, there was obtained the compound 3 (R 1 = W-C3H7) in 40% yield as a red oil. Product 3 (R 1 = 71-C3H7) was stable to rapid washes with aqueous sodium hydroxide and hydrochloric acid, and to storage in the absence of solvent at -10 °C. The reaction of imidazolide 1 and butyraldoxime afforded no such intermediate, and only w-butyronitrile was isolated in a 35% yield, thereby also lending credence to the postulated role of imidazole as the base inducing decomposition of the phosphorylated intermediates, such as, 3.
In order to test the versatility of the transformation, as well as the general applicability of the method for the preparation of aliphatic and aromatic nitriles from oximes, various pentavalent phosphorochloridates and imidazolides were studied.
It was found that the reaction of phosphorus oxychloride (6) with aldoximes resulted in the
formation of the corresponding nitriles in a 33-85% yield, whereas the reaction of triimidazolyl-l-phosphine oxide (7) [15] afforded the nitriles in 30-65% yield. The lower yield of nitriles in this case, via compound 7, is presumably due to the extreme sensitivity of the reagent, which might be undergoing decomposition during handling, prior to reaction (Table II) .
Phenyl phosphorodichloridate (8) and phenyl diimidazole-l,l'-phosphinate (9) proved to be very effective agents in the transformation of aldoximes to nitriles in high yields. Thus, a number of low molecular weight (CÖ) straight chain, branched, cyclic, and unsaturated aliphatic and aromatic 
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aldoximes were converted to the corresponding nitriles. The reaction with imidazolide 9 proved to be always more effective than that using dichloridate 8, affording nitriles in 52-95% yield, as compared with the 47-89% yield obtained via dichloridate 8 (Table III) . Also isolated as by-product of the reaction of diimidazolide 9 with aldoximes was a white, extremely hygroscopic solid. On the basis of the microanalysis, it is postulated that the solid is an approximately 1:1 mixture of the two salts 10 and 11.
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A similar superiority of the imidazole method for the transformation of aldoximes to nitriles was noted during the comparison of the reaction using diphenylphosphorochloridate (12) with that using diphenyl imidazole-1-phosphonate (13) [15, 16] .
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In the case of the reaction of chloridate 12 with aldoximes, nitriles were obtained in 62-88% yield, whereas the reaction of imidazolide 13 afforded the products in 80-97% yields. Also isolated, as a byproduct in the reaction, was the imidazolium salt of diphenylphosphoric acid (14) ( Table IV) . Table IV ). 
Experimental
Materials: All reagents were of the finest quality commercially available. The dioxan and benzene used in all reactions were distilled from and stored over sodium. The oximes were prepared by standard methods [22] . The imidazole used to prepare compounds 7, 9, and 13 was generously donated by BASF Corporation of Parsippany, New Jersey. (20 ml) was added dropwise at 20-22 °C a solution of 5 [9, 14] (1.45 g, 0.005 mol) in benzene (50 ml). Following the addition, the reaction mixture was stirred at 20-25 °C for 20 h, then filtered. The filtrate was washed with 10% aqueous sodium hydroxide (5 X 10 ml) and distilled water (3 X 10 ml), then dried (MgS04). After removal of the drying agent and solvent, there were obtained the nitriles shown in Table I . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. Instead, the filtrate was concentrated on a rotating evaporator at 20 °C/10-15 torr. The remaining red oil was purified by chromatography on aluminium oxide, with chloroform as the eluent to give the pure 2-cyanopyridine (0.33 g, 32%) m.p. 27-28 °C; lit. [17] ) . Following the addition, the reaction mixture was stirred at 20-25 °C for 20 h, then filtered. The filtrate was washed with 10% aqueous sodium hydroxide (5 x 10 ml) and distilled water (3 X 10 ml), then dried (MgS04). After removal of the drying agent and solvent, there were obtained the nitriles shown in Table I . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. Instead, the filtrate was concentrated on a rotating evaporator at 20 °C/10-15 torr. The remaining red oil was purified by chromatography on aluminum oxide, with chloroform as the eluent to give the pure 2-cyanopyridine (0.30 g, 30%) m.p. 27-28 °C; lit. [17] m.p. 26 °C.
Reaction of (l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) phenyl phosphorochloridate (4) with n-butyraldoxime
To a solution of w-butyraldoxime (0.44 g, 0.005 mol) and triethylamine (0.55 g, 0.005 mol) in benzene (20 ml) was added dropwise at 20-22 °C a solution of 4 [10] (1.73 g, 0.005 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred at 20-25 °C for 20 h, then filtered. The filtrate was washed with 10% aqueous sodium hydroxide (5 x 10 ml) and distilled water (3 X 10 ml), the dried (MgS04). After removal of the drying agent and solvent, there was obtained 3, R 1 = W-C3H7 (0.79 g, 40%), a red oil, EPR: 3 lines, aN 15.3 G.
Analysis for C19H30N2O5P
Calcd C57.42 H7.61 N7.06 mol.wt.397.44, Found C57.15 H7.80 N7.00 mol.wt.390.
IR: The POH (v ~ 3400 cm-*) and C=N (v ~ 2250 cm -1 ) absorptions were absent. The P=0 1350 cm -1 ) absorption was present.
Reaction of (l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) phenyl imidazole-1-phosphonate (1) [10] with n-butyraldoxime
A solution of 1 [10] (7.56 g, 0.020 mol) and nbutyraldoxime (1.74 g, 0.020 mol) in dioxan (15 ml) was kept at 20-25 °C for 20 h. The solvent was removed on a rotating evaporator at 18-20 °C (12-15 torr). The crude oil was treated with diethyl ether (20 ml) and distilled water (5 ml). No red coloration, as evidence for a phosphorylated oxime intermediate, was observed in the organic layer. The aqueous layer was discarded. The organic layer was washed with 10% aqueous hydrochloric acid (3 X 10 ml), 10% aqueous sodium hydroxide (1x5 ml), and distilled water (2x5 ml), then dried (MgSO/i). After removal of the drying agent and solvent, there was obtained n-butyronitrile (0.48 g, 35%), as identified by peak-by-peak comparison of its infrared spectrum with that of an authentic sample; ri § 1.3815, lit. [17] 1.3812. iH NMR (CCU): 6 = 0.6-1.1 (t, 3h), 1.2-2.0 (m, 2h), 2.0-2.7 (t, 2h).
Reaction of phosphorus oxychloride (6) with aldoximes
General procedure. To a solution of aldoxime (0.015 mol) and triethylamine (1.55 g, 0.015 mol) in benzene (30 ml) was added dropwise at 20-22 °C a solution of phosphorus oxychloride (2.30g,0.015mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred at 20-25 °C for 20 h, then filtered. The filtrate was treated with diethyl ether (30 ml). The mixture was washed with 10% aqueous sodium hydroxide (5 X 15 ml) and distilled water (3 X 15ml), then dried (MgS04). After removal of the drying agent and solvent, there were obtained the nitriles shown in Table II . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. Instead, the filtrate was concentrated on a rotating evaporator at 20 °C/10-15 torr. The remaining oil was purified by chromatography on aluminum oxide, with chloroform as the eluent to give the pure 2-cyanopyridine (0.52 g, 33%) m.p. 27-28 °C; lit. [17] m.p. 26 °C.
Preparation of triimidazole-l-phosphine oxide (7) [15]
To a suspension of imidazole (1.02 g, 0.015 mol) and triethylamine (1.55 g, 0.015 mol) in benzene (50 ml) was added dropwise at 8-10 °C a solution of phosphorus oxychloride (0.77 g, 0.05 mol) in benzene (30 ml). The reaction mixture was stirred at 8 °C for 30 min, then filtered rapidly. The solid was washed repeatedly with tetrahydrofuran. The combined filtrates were concentrated on a rotating evaporator at 20 °C/10-15 torr to give 7 (1.19 g, 96%), m.p. 134-136 °C (dec.); lit. [15] 135-137 °C.
Reaction of triimidazole-l-phosphine oxide (7) [15] with aldoximes
General procedure. A solution of 7 (1.24 g, 0.05 mol) and aldoxime (0.015 mol) in dioxan (25 ml) was stirred at 20-22 °C for 20 h. The reaction mixture was concentrated on a rotating evaporator at 20 °C/10-15 torr. Benzene (10 ml), diethyl ether (10 ml), and distilled water (10 ml) were added. The aqueous layer was discarded. The organic layer was washed with 10% aqueous sodium hydroxide solution (3 X 10 ml), and distilled water (3 X 10 ml), then dried (MgS04). After removal of the drying agent and the solvent, there were obtained the nitriles shown in Table II . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. The pure 2-cyanopyridine (0.46 g, 30%) m.p. 27 to 28 °C, lit. [17] m.p. 26 °C, was isolated after chromatography of the crude reaction mixture on aluminium oxide, with chloroform as the eluent.
Reaction of phenyl phosphorodichloridate (8) with aldoximes
General procedure. To a solution of aldoxime (0.008 mol) and triethylamine (0.85 g, 0.008 mol) in benzene (20 ml) was added dropwise at 10-15 °C a solution of 8 (1.05 g, 0.005 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred at 20-23 °C for 20 h, then filtered. Diethyl ether (20 ml) was added. The solution was washed with 10% aqueous sodium hydroxide (5 X 10 ml) and distilled water (3 X 10 ml), then dried (MgS04). After removal of the drying agent and solvent, there were obtained the nitriles shown in Table III . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. Instead, the filtrate was concentrated on a rotating evaporator at 20 °C/ 10-15 torr. The remaining oil was purified by chromatography on aluminum oxide, with chloroform as the eluent to give the pure 2-cyanopyridine (0.39 g, 47%), m.p. 27-28 °C; lit. 
Reaction of phenyl diimidazole-1,1'-phosphinate (9) with aldoximes
General procedure. A solution of 9 (1.37 g, 0.005 mol) and aldoxime (0.008 mol) in dioxan (30 ml) was stirred at 20-23 °C for 20 h. Diethyl ether (30 ml) was added, and the mixture was filtered to remove the mixture of salts 10 and 11. The filtrate was concentrated on a rotating evaporator at 20-23 °C/ 10-15 torr. The residue was dissolved in a 1:1 mixture of diethyl ether and benzene (50 ml) and washed with 10% aqueous sodium hydroxide (5 X 10 ml), 10% aqueous hydrochloric acid (5 X 10 ml), and distilled water (5 X 10 ml), then dried (MgSÜ4). After removal of the drying agent and solvent, there were obtained the nitriles shown in Table III . In the case of the reaction with pyridine-2-aldoxime, the washes were omitted. Instead, the filtrate was concentrated on a rotating evaporator at 20-23 °C/10-15 torr. The remaining oil was purified by chromatography on aluminum oxide, with chloroform as the eluent to give the pure 2-cyanopyridine (0.43 g, 52%) m.p. 27-28 °C. lit. [17] m.p. 26 °C. (12) with aldoximes General procedure. To a solution of aldoxime (0.008 mol) and triethylamine (0.85 g, 0.008 mol) in benzene (30 ml) was added dropwise at 20-23 °C a solution of 12 (2.68 g, 0.01 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred at 20-23 °C for 20 h, then filtered. The filtrate was concentrated on a rotating evaporator at 20-23 °C/10-15 torr. Since it was difficult to remove all traces of phosphorus-containing by-products with aqueous acid and base washes, the washes were omitted. The pure nitriles shown in Table IV were isolated after chromatography of the crude oil on silica gel, with benzene as the eluent. In the case of the reaction with pyridine-2-aldoxime, the pure 2-cyanopyridine (0.61 g, 73%) m.p. 27-28 °C, lit. [17] m.p. 26 °C, was isolated after chromatography on aluminum oxide, with chloroform as the eluent.
Reaction of diphenyl phosphorochloridate
Preparation of diphenyl imidazole-1-phosphonate (13) [15] To a suspension of imidazole (0.68 g, 0.01 mol) and triethylamine (1.05 g, 0.01 mol) in benzene (30 ml) was added dropwise at 20-23 °C a solution of diphenyl phosphorochloridate (12; 2.68 g, 0.01 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred at 20-25 °C for 4 h, then filtered. The filtrate was concentrated on a rotating evaporator at 20-22 °C/10-15 torr to give 13 ( 
Reaction of diphenyl imidazole-1-phosphonate (13) with aldoximes
General procedure. A solution of 13 (3.00g,0.01 mol) and aldoxime (0.008 mol) in dioxan was stirred at 20-23 °C for 20 h. The reaction mixture was then concentrated on a rotating evaporator at 20-23 °C/ 10-15 torr. The remaining oil was triturated with a 1:1 mixture of diethyl ether and benzene (20 ml). The imidazolium salt of diphenyl phosphoric acid (14; 2.29-2.42 g, 90-95% of theory, m.p. 98-99 °C) was removed by filtration. The filtrate was concentrated to an oil on a rotating evaporator at 20-23 °C/10-15 torr. Since it was difficult to remove all traces of phosphorus-containing by-products with aqueous acid and base washes, the washes were omitted. The pure nitriles shown in Table IV were isolated after chromatography of the crude oil on silica gel, with benzene as the eluent. In the case of the reaction with pyridine-2-aldoxime, the pure 2-cyanopyridine (0.74 g, 89%) m.p. 27-28 °C, lit. [17] m.p. 26 °C, was isolated after chromatography on aluminum oxide, with chloroform as the eluent.
Analysis for CI5H15N204P (14)
Calcd 
